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1. Experimental section 
1.1 General 
Manipulations of the complexes were performed using standard schlenk techniques or in a dinitrogen 
filled glove box. 
1
H and 
13
C NMR spectra were recorded on Varian 400 or 200 MHz NMR spectrometer. 
Signals were referenced to the residual solvent signals and given relative to (CH3)4Si. The assignments of 
the 
1
H and 
13
C NMR signals were carried out by combined analyses of 1D and  
1
H,
1
H and 
1
H,
13
C correlated 
2D spectra (
1
H,
1
H COSY, HSQC, HMBC and ADEQUATE as needed). Infrared spectra were recorded as thin 
films on an ATR cell or as MeCN or THF solutions with a resolution of 4 cm
-1
 on a Thermo Scientific 
Nicolet iS5 FTIR spectrometer. IR peaks are given relative to each other as: s: strong, m: medium, w: 
weak, vw: very weak or sh: shoulder. Cyclic voltammetry was performed in 10 mL solutions of 0.1 mol/L 
nBu4NPF6 in MeCN or THF with a complex concentration of 0.5 mmol/L in a dinitrogen filled glovebox. A 
two compartment setup was used, with a 3 mm glassy carbon working electrode shrouded in CTFE 
plastic and a carbon rod auxiliary electrode. The Ag/AgNO3 (1 mmol/L in 0.1 mol/L nBu4NPF6 in MeCN) 
was separated from the analyte solution using a vycore tip in a separate chamber. The potential was 
controlled with a BioLogic VSP-300 potentiostat. The Cp2Fe
+1/0
 couple was used as an internal or external 
reference. Bulk electrolysis experiments were conducted at 1atm CO2 pressure in a glass 2-chamber H-
cell. The larger chamber contained the working and reference electrodes in 40 mL of MeCN with 0.1 M 
nBu4NPF6 and 0.5 mM catalyst. The second chamber contained the auxiliary electrode in 21 mL of MeCN 
with 0.1 M nBu4NPF6. The two chambers were separated by a fine glass frit. A 6 cm × 1 cm × 0.3 cm 
glassy carbon plate (Tokai Carbon USA) was used as the working electrode, about a ¼ of which was 
submerged in the solution. The auxiliary electrode was a piece of aluminum foil about 10 times larger 
than the working electrode (99.997%, Strem). The reference electrode was a Ag/AgNO3 (1 mM)/MeCN 
reference electrode separated from the solution by a Vycor frit and contained 0.1 M nBu4NPF6.  The H-
cell was prepared with degassed solvent in a glove box with MeCN that had been dried over activated 
sieves. The solvent was sparged on a Schlenk line with CO2 for 10 minutes (both chambers each) and 
then sealed before the beginning of the bulk electrolysis experiment. The electrolysis was run for 1 hour 
(-2.5 V vs. Ag/AgNO3 reference electrode), after which time the head-space was sampled with a gas tight 
syringe and injected into a calibrated GC. Carbon monoxide and H2 were quantified using an Agilent 
7890A gas chromatograph with a thermal conductivity detector. Charge passed: 2.858 C, area/ppm CO: 
500/1576, area/ppm H2: 46/negligible, time: 60 minutes, potential: -2.5 V vs ref. Infrared 
spectroelectrochemistry was performed in a 0.1 mol/L nBu4NPF6 MeCN solution with an analyte 
concentration of 0.4 mmol/L using a cell design described before,
1
 containing a Ag working electrode, a 
Pt auxiliary electrode and a Ag pseudo reference electrode. Cyclic voltammograms were recorded, to 
determine the reduction potentials against the pseudo reference electrode. An appropriate controlled 
potential was then hold with a BioLogic VSP-300 potentiostat to record the FTIR spectrum using a 
Thermo Scientific Nicolet iS5 FTIR spectrometer. Microanalysis were performed by Midwest Microlab, 
LLC. bipy-Mo(CO)4 was synthesized according to a literature procedure
2
 and was recrystallized from a 
THF solution layered with pentane and washed with THF/pentane (1/4). Solvents were obtained from a 
commercial solvent purification system. CD2Cl2 was used as received as 1 g ampullas, which were opened 
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in a dinitrogen filled glovebox. CDCl3 was degased by freeze-pump-thaw cycles and stored in a dinitrogen 
filled glovebox before use. THF-d8 used for the reductions was stirred over Na, filtered and stored over 
sieves in a dinitrogen filled glovebox prior to use. nBu4NPF6 was recrystallized twice from ethanol and 
dried at 120 °C in vacuum. KC8 was prepared using a literature procedure.
3
 
12
CO2 was passed through a 
P600-2 VICI CO2 gas purifier prior to use. All other reagents were purchased from commercial sources 
and used as received. 
 
 
1.2 Synthesis of PhPMI: 
N
N
 
An oven dried 250 mL flask was let cool under N2 and charged with ~100 mL of dry toluene, 2.6 mL (2.8 g; 
0.023 mol) 2-acetylpyridine, 2.2 mL (2.2 g; 0.024 mol) aniline and a spatula tip of p-toluene sulfonic acid. 
The solution was then refluxed under N2 for three hours, using a dropping funnel filled up with dry 
toluene for the azeotropic removal of water. The solution was let cool to RT and the solvent was then 
removed using a rotary evaporator. The remaining oil was then heated up to 90-100 °C under an oil 
pump vacuum over night, using a distillation head for the distillative removal of remaining starting 
materials. Cooling the residue to RT under vacuum led to solidification. The orange solid was then 
extracted with dry pentane, which was placed in a freezer at -35 °C for crystallization. 1.2 g (0.006 mol; 
26%) of PhPMI as a yellow, crystalline solid were obtained, which were washed with cold (-35 °C) pentane 
and dried in vacuum. 
1
H NMR (CDCl3; 400 MHz): δ = 8.66 (ddd, 1H, 3J = 4.9 Hz, 4J = 1.8 Hz, 5J = 1.0 Hz, PyH(6)); 8.27 (ddd, 1H, 3J 
= 8.1 Hz,
 4
J = 1.0 Hz,
 4
J = 1.0 Hz, PyH(3)), 7.77 (ddd, 1H,
 3
J = 8.1 Hz,
 3
J = 7.5 Hz,
 3
J = 1.8 Hz, PyH(4)); 7.39-
7.33 (m, 3H, PyH(5) and ArH(3,5); 7.11 (t, 1H, 
3
J = 7.4 Hz, 
4
J = 1.2 Hz, ArH(4)); 6.83 (m, 2H, ArH(2,6)); 2.35 
(s, 3H, NCCH3) ppm. 
13
C{
1
H} NMR (CDCl3; 100 MHz): δ = 167.4 (NCCH3); 156.8 (PyC(2)); 151.4 (ArC(1)); 148.6 (PyC(6)); 136.5 
(PyC(4)); 129.1 (ArC(3,5)); 124.9 (PyC(5)); 123.7 (ArC(4)); 121.5 (PyC(3)); 119.3 (ArC(2,6)); 16.5 (NCCH3) 
ppm. 
Calcd. for C13H12N2: C: 79.56%, H: 6.16%, N: 14.27%; Found: C: 79.56%, H: 6.07%, N: 14.36%. 
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Fig. S1: 1H NMR spectrum (400 MHz) of PhPMI in CDCl3. 
 
 
Fig. S2: 13C NMR spectrum (300 MHz) of iPr2PhPMI in CDCl3. 
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1.2 Synthesis and characterization of  PhPMI-Mo(CO)4: 
N
NMoO
O
O O  
The ligand 
Ph
PMI (100 mg; 0.51 mmol) was dissolved in 1 mL toluene and combined with 104 mg 
(0.39 mmol) [Mo(CO)6] suspended in 19 mL toluene in a schlenk flask in a N2 filled glove box. The flask 
was taken out of the box and equipped with a reflux condenser under a dinitrogen atmosphere. The 
suspension was heated up to reflux under N2 for 16 h, upon which the solution turned deep violet. The 
reaction was allowed to cool to RT, was then filtered in a N2 filled glove box and the filtrate was 
evaporated to dryness. The violet residue was washed six times with 1 mL of pentane and then dried in 
vacuum. The raw product was the recrystallized from a CH2Cl2 solution layered with pentane, leading to 
109 mg (0.27 mmol; 69%) of violet/red, crystalline 
Ph
PMI-Mo(CO)4 which were washed with five times 
1 mL of a mixture of pentane/CHCl3 (4/1) and dried in vacuum. The complex dissolves violet in unpolar 
and aromatic solvents like toluene and pentane and red in more polar solvents like CH2Cl2 and THF. 
Single crystals suitable for X-ray diffraction were obtained from pentane diffusion into an Et2O solution. 
1
H NMR (CD2Cl2; 400 MHz): δ = 9.16 (ddd, 1H, 3J = 5.4 Hz, 4J = 1.6 Hz, 5J = 1.0 Hz, PyH(6)); 7.99 (m, 2H, 
PyH(3) and PyH(4)); 7.49 (m, 3H, PyH(5) and ArH(3,5)); 7.32 (tt, 1H,
 3
J = 7.5 Hz, 
4
J = 1.0 Hz, ArH(4)); 7.07 
(2H, ArH(2,6); 2.35 (s, 3H, NCCH3) ppm. 
13
C{
1
H} NMR (CD2Cl2; 100 MHz): δ = 225.6 (C≡O); 222.1 (C≡O); 204.0 (C≡O); 169.9 (NCCH3); 155.2 (PyC(2)); 
153.7 (PyC(6)); 151.3 (ArC(1)); 137.9 (PyC(4)); 129.8 (ArC(3,5)); 126.89, 126.87 and (PyC(3), PyC(3) and 
ArC(4)); 121.1 (ArC(2,6)) and 18.2 (NCCH3) ppm. 
IR (film): ν = 2008(m, C≡O), 1887(sh, C≡O), 1866(s, C≡O), 1822(s, C≡O), 1592(w), 1555(w), 1485(w), 
1467(w), 1450(w), 1441(w), 1431(w), 1376(w), 1321(w), 1299(w), 1250(w), 1219(w), 1163(w), 1121(vw), 
1097(vw), 1078(sh), 1070(vw), 1055(vw), 1026(w), 1014(w), 1002(vw), 988(vw), 910(w), 846(w), 795(w), 
776(w), 746(w), 697(w), 671(w), 646(w), 636(w), 626(w), 606(w), 587(w) and 580(w) cm
-1
. 
IR (CH3CN): ν = 2014 (m, C≡O), 1904(s, C≡O), 1885(sh, C≡O), 1837(m, C≡O) cm
-1
. 
Calcd. for C17H12MoN2O4: C: 50.51%, H: 2.99%, N: 6.93%; Found: C: 50.51%, H: 3.08%, N: 6.77%. 
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Fig. S3: 1H NMR spectrum (400 MHz) of PhPMI-Mo(CO)4 in CD2Cl2. 
 
 
Fig. S4: 13C NMR spectrum (100 MHz) of PhPMI-Mo(CO)4 in CD2Cl2. 
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Fig. S5: FTIR spectrum (film) of PhPMI-Mo(CO)4. 
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Fig. S6: C≡O stretching vibrations region of the FTIR spectrum (MeCN) of PhPMI-Mo(CO)4. 
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Fig. S7: Reductive scans of a PhPMI-Mo(CO)4 MeCN solution to sweep potentials of -2.134, 
-2.639 and -3.139 V at 100 mV/s. 
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Fig. S8: Reductive scans of a PhPMI-Mo(CO)4 MeCN solution under N2 and CO2 100 mV/s. 
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Fig. S9: Two consecutive oxidative scans of a PhPMI-Mo(CO)4 MeCN solution to 0.455 V at 
100 mV/s. 
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Fig. S10: Two consecutive oxidative scans of a PhPMI-Mo(CO)4 MeCN solution to 1.055 V at 
100 mV/s. 
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Tab S1: Summery of the electrochemical properties of PhPMI-Mo(CO)4 derived from cyclic 
voltammetry experiments in MeCN.a 
 
First reduction 2nd red 3rd red 1
st
 
Oxid. 
2nd 
Oxid. 
v Epc Epa ∆Ep E1/2 ipc ipa ipc/ipa Epc Epc Epa Epa 
25 -1.834 -1.772 62 -1.803 4.742 4.737 1.00   0.153 0.677 
50 -1.83 -1.771 59 -1.8005 6.47 6.978 0.93     
100 -1.841 -1.762 79 -1.8015 8.70 9.275 0.94 -2.35 -3.06 0.163 0.715 
200 -1.841 -1.763 78 -1.802 11.97 12.99 0.92     
400 -1.835 -1.761 74 -1.798 16.71 18.28 0.91     
800 -1.823 -1.76 63 -1.7915 24.51 26.37 0.93 -2.38  0.207 0.767 
a: Definitions and units: v: scan rate in [mV/s]; Ep: cathodic (c) or anodic (a) peak potential in [V] at given scan rate; 
∆Ep: diffenrenz between the the anodic and the cathodic peak potentails in [mV]; E1/2: half-wave potential of the 
reversible first reduction in [V]; ip: cathodic (c) or anodic (a) peak current in [µA]. All potentials are referenced 
against Cp2Fe0/+. 
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Fig. S11: Plot of the peak currents for the first reduction of PhPMI-Mo(CO)4 in MeCN against 
the square root of the scan rate (forced through 0). 
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1.3 Synthesis iPr2PhPMI: 
 
The synthesis of the ligand 
iPr2Ph
PMI is known in the literature,
4
 but was carried out in a modified 
synthetic route: A 250 mL schlenk flask was charged with 150 mL of dry toluene under a dinitrogen 
stream. 2.0 mL (2.2 g; 0.018 mol) 2-acetylpyridine, 4.0 mL (3.8 g; 0.021 mol) 2,6-Di-iso-propylaniline and 
a spatula tip of p-toluene sulfonic acid were added to the flask against a dinitrogen stream. The flask was 
equipped with a dropping funnel filled up with dry toluene for the azeotropic removal of water and a 
reflux condenser and the reaction solution was then refluxed under dinitrogen for 15.5 h. After the 
reaction was cooled to RT, the solvent was removed using a rotary evaporator and the remaining 
brown/yellow oil was further dried in vacuum. The crude product was then recrystallized from boiling 
methanol, giving 870 mg of yellow crystals, which were washed with methanol. Successive crystallization 
from the mother liquor gave a combined yield of 3.1 g (0.011 mmol; 61%) of the desired product. 
Spectroscopic data are in accordance with the literature.4 
 
1.4 Synthesis and characterization of  iPr2PhPMI-Mo(CO)4: 
 
353 mg (1.26 mmol) of the ligand 
iPr2Ph
PMI were dissolved in 2 mL of toluene and combined with 260 mg 
(0.985 mmol) of [Mo(CO)6] suspended in 18 mL toluene in a schlenk flask. The reaction mixture was then 
refluxed under dinitrogen for 18 h. After the solution had cooled down to roomtemperature, the toluene 
was then removed in vacuum. The residue was coevaporated with 2 mL of pentane and then washed 
with 5 x 2 mL of pentane, followed by 3 x 1 mL of Et2O. The raw product was then recrystallized from a 
THF solution layered with pentane yielding 308 mg (0.631 mmol; 64%) of iPr2PhPMI-Mo(CO)4 which were 
washed with 5 x 1 mL of pentane/CH2Cl2 (4/1) dried in vacuum. The complex dissolves violet in unpolar 
and aromatic solvents like toluene and pentane and red in more polar solvents like CH2Cl2 and THF. 
Single crystals suitable for X-ray diffraction were obtained from pentane diffusion into a toluene 
solution.  
1
H NMR (CD2Cl2; 400 MHz): δ = 9.81 (ddd, 1H, 3J = 5.3 Hz, 4J = 1.5 Hz, 5J = 0.9 Hz, PyH(6)); 8.04-7.98 (m, 
2H, PyH(3) and PyH(4)); 7.52 (ddd, 1H, 3J = 6.6 Hz, 3J = 5.4 Hz, 4J = 2.2 Hz, PyH(5)); 7.35-7.27 (m, 3H, 
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ArH(3,5) and ArH(4)); 2.87 (sept, 2H, 
3
J = 6.8 Hz, CH(CH3)2); 2.27 (s, 3H, NCCH3); 1.34 (d, 6H, 
3
J = 6.8 Hz, 
CH(CH3)2) and 1.11 (d, 6H, 
3
J = 6.8 Hz, CH(CH3)2) ppm. 
13
C{
1
H} NMR (CD2Cl2; 100 MHz): δ = 224.6 (C≡O); 222.0 (C≡O); 205.1 (C≡O); 171.1 (NCCH3); 154.9 
(PyC(2)); 153.6 (PyC(6)); 145.1 (ArC(1)); 138.6 (ArC(2,6); 137.8 (PyC(4)); 127.3 and 127.4 (PyC(3) and 
ArC(5)); 127.1 (PyC(5)); 125.1 (ArC(3,5)); 28.4 (CH(CH3)2); 24.94 and 24.91 (CH(CH3)2) and 19.1 (NCCH3) 
ppm. 
1
H NMR (THF-d8; 400 MHz): δ = 9.19 (ddd, 1H, 3J = 5.2 Hz, 4J = 1.5 Hz, 5J = 0.7 Hz, PyH(6)); 8.22 (m, 1H, 
PyH(3)); 8.10 (m, 1H, PyH(4)); 7.61 (ddd, 1H, 
3
J = 7.6 Hz, 
3
J = 5.4 Hz, 
4
J = 1.3 Hz, PyH(5)); 7.31-7.23 (m, 3H, 
ArH(3,5) and ArH(4)); 2.93 (sept, 2H, 
3
J = 6.8 Hz, CH(CH3)2); 2.34 (s, 3H, NCCH3); 1.34 (d, 6H, 
3
J = 6.8 Hz, 
CH(CH3)2) and 1.12 (d, 6H, 
3
J = 6.8 Hz, CH(CH3)2) ppm. 
13
C{
1
H} NMR (THF-d8; 100 MHz): δ = 224.6 (C≡O); 221.7 (C≡O); 205.9 (C≡O); 172.4 (NCCH3); 155.5 
(PyC(2)); 154.1 (PyC(6)); 146.0 (ArC(1)); 139.1 (ArC(2,6); 138.5 (PyC(4)); 128.5 (PyC(3)); 127.8 and 127.7 
(PyC(5) and ArC(4)); 125.4 (ArC(3,5)); 28.9 (CH(CH3)2); 25.2 and 25.0 (CH(CH3)2) and 19.1 (NCCH3) ppm. 
IR (film): ν = 3059(vw); 3012(vw); 2968(w); 2930(w); 2872(w); 2009(m, C≡O); 1906(s, C≡O); 1873(s, C≡O); 
1817(s, C≡O); 1778(sh); 1598(w); 1584(w); 1554(w); 1463(w); 1444(w); 1429(w); 1386(w); 1376(w); 
1366(w); 1316(w); 1250(w); 1185(vw); 1182(vw); 1157(w); 1101(vw); 1055(vw); 1013(vw); 987(vw); 
937(vw); 848(vw); 809(vw); 789(w); 777(w); 747(m); 707(w); 650(w); 637(w) cm
-1
.  
IR (CH3CN): ν = 2011 (m, C≡O), 1899(s, C≡O), 1883(sh, C≡O), 1839(m, C≡O) cm
-1
. 
Calcd. for C23H24MoN2O4: C: 56.56%, H: 4.95%, N: 5.74%; Found: C: 56.40%, H: 4.88%, N: 5.71%. 
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Fig. S12: 1H NMR spectrum (400 MHz) of iPr2PhPMI-Mo(CO)4 in CD2Cl2 
 
 
Fig. S13: 13C NMR spectrum (100 MHz) of iPr2PhPMI-Mo(CO)4 in CD2Cl2. 
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Fig. S14: FTIR spectrum (film) of iPr2PhPMI-Mo(CO)4. 
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Fig. S15: C≡O stretching vibrations region of the FTIR spectrum (MeCN) of iPr2PhPMI-
Mo(CO)4. 
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Fig. S16: Reductive scans of a iPr2PhPMI-Mo(CO)4 MeCN solution to sweep potentials of -2.14 
and -2.84 V at 100 mV/s. 
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Fig. S17: Reductive scans to different sweep potentials of a iPr2PhPMI-Mo(CO)4 MeCN solution 
under N2 and CO2 at 200 mV/s. 
S-16 
 
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
-6
-4
-2
0
2
4
6
8
10
12
14
 1st scan
 2nd consecutive scan
cu
rr
en
t [ µ
A]
potential [V] vs. Cp2Fe
0/+
 
Fig. S18: Two consecutive oxidative scans of a iPr2PhPMI-Mo(CO)4 MeCN solution to 0.51 V at 
100 mV/s. 
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Fig. S19: Two consecutive oxidative scans of a iPr2PhPMI-Mo(CO)4 MeCN solution to 1.16 V at 
100 mV/s. 
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Fig. S20: Reductive scans of a iPr2PhPMI-Mo(CO)4 THF solution to sweep potentials of -2.35 
and -3.45 V at 100 mV/s. 
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Fig. S21: Comparison of reductive scans in N2 or CO2 saturated THF solution with and without 
added iPr2PhPMI-Mo(CO)4 at 100 mV/s. 
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Tab S2: Summery of the electrochemical properties of iPr2PhPMI-Mo(CO)4 derived from cyclic 
voltammetry experiments in MeCN and THF.a 
 First reduction 2nd red. 1st oxid. 2nd oxid. 
MeCN     
v Epc Epa ∆Ep E1/2 ipc ipa ipc/ipa Epc Epa Epa 
25 -1.8404 -1.7834 57 -1.812 4.438 4.482 0.99 -2.522 0.229 0.721 
50 -1.8404 -1.7824 58 -1.811 6.286 6.279 1.00 -2.533   
100 -1.8404 -1.7824 58 -1.811 8.759 9.105 0.96 -2.553 0.249 0.751 
200 -1.8404 -1.7824 58 -1.812 12.09 12.26 0.99 -2.551   
400 -1.8414 -1.7824 59 -1.812 16.68 17.45 0.96 -2.567   
800 -1.8494 -1.7724 77 -1.811 23.33 24.05 0.97 -2.587   
1000         0.274 0.786 
1600 -1.8544 -1.7724 82 -1.813 31.57 33.31 0.95 -2.608   
2000         0.292  
THF           
25 -2.017          
50 -2.037          
100 -2.057       ~-3.06   
200 -2.068          
400 -2.089          
800 -2.121          
a: Definitions and units: v: scan rate in [mV/s]; Ep: cathodic (c) or anodic (a) peak potential in [V] at given scan rate; 
∆Ep: diffenrenz between the the anodic and the cathodic peak potentails in [mV]; E1/2: half-wave potential of the 
reversible first reduction in [V]; ip: cathodic (c) or anodic (a) peak current in [µA]. All potentials are referenced 
against Cp2Fe0/+. 
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Fig. S22: Plot of the peak currents for the first reduction of iPr2PhPMI-Mo(CO)4 in MeCN 
against the square root of the scan rate (forced through 0). 
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 1.5 In-situ preparation and characterization of  [iPr2PhPMI-Mo(CO)3]2-: 
 
Between 10 and 50 mg (20 to 100 µmol) of iPr2PhPMI-Mo(CO)4 were dissolved in either THF-d8 or THF and 
the solution was added to 15 to 90 mg (0.11 to 0.67 mmol; around 6 equivalents) of KC8 in a vial. The 
suspension was reacted by slewing the vial for ~1 min upon which the suspension turned violet. The 
suspension was then filtered. 
1
H NMR (THF-d8; 400 MHz): δ = 8.11 (ddd, 1H, 3J = 6.4 Hz, 4J = 1.2 Hz, 5J = 1.2 Hz, PyH(6)); 6.90 (m, 2H, 
ArH(3,5)); 6.80 (m, 1H, ArH(4)); 6.09 (ddd, 1H,
 3
J = 9.3 Hz, 
4
J = 1.2 Hz, 
5
J = 1.2 Hz, PyH(3)); 5.35 (ddd, 1H,
 3
J 
= 9.4 Hz, 
3
J = 5.5 Hz, 
4
J = 1.6 Hz, PyH(4)); 4.41 (ddd, 1H, 
3
J = 6.4 Hz, 
3
J = 5.5 Hz, 
4
J = 1.3 Hz, PyH(5)); 3.12 
(sept, 2H, 
3
J = 7.0 Hz, CH(CH3)2); 1.54 (s, 3H, NCCH3); 1.18 (d, 6H, 
3
J = 6.8 Hz, CH(CH3)2) and 0.98 (d, 6H, 
3
J 
= 7.0 Hz, CH(CH3)2) ppm. 
13
C{
1
H} NMR (THF-d8; 100 MHz): δ = 244.8 (C≡O); 156.2 (ArC(1)); 155.0 (PyC(6)); 143.4 (ArC(2,6); 130.0 
(PyC(2)); 122.04 and 121.97 (ArC(3,4,5)); 121.7 (PyC(3)); 118.0 (NCCH3); 115.7 (PyC(4)); 96.2 (PyC(5)); 
27.7 (CH(CH3)2); 25.7 and 24.5 (CH(CH3)2) and 14.2 (NCCH3) ppm. 
IR (THF): ν = 1845 (s, C≡O), 1720(s, C≡O), and 1700(s, C≡O) cm-1. 
 
S-20 
 
 
Fig. S23: 1H NMR spectrum (400 MHz) of [iPr2PhPMI-Mo(CO)3]2- in THF-d8. *: pentane. 
 
 
Fig. S24: 13C NMR spectrum (100 MHz) of [iPr2PhPMI-Mo(CO)3]2- in THF-d8. *: pentane. 
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Fig. S25: 1H NMR spectra before (top) and after (middle) reduction of iPr2PhPMI-Mo(CO)4 with 
KC8 in MeCN-d3 and THF-d8 spectrum (bottom) of [iPr2PhPMI-Mo(CO)3]2-. 
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Fig. S26: C≡O stretching vibrations region of the FTIR spectrum (THF) of [iPr2PhPMI-
Mo(CO)3]2-. 
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Fig. S27: Comparison of the C≡O stretching vibrations region of the FTIR spectra of [iPr2PhPMI-
Mo(CO)3]2- obtained in the IR-SEC experiment (lower middle, red) and by chemical reduction in 
THF as MeCN solution (bottom, black) and as THF (upper middle, magenta) and THF-d8 
solution (top, blue). 
1.6 In-situ preparation and characterization of [iPr2PhPMI-Mo(CO3)(CO2)]2-:  
N N
MoO
O
O
i
Pr
i
Pr
O
O
2- 2K
+
 
The atmosphere over a in-situ prepared NMR sample of [
iPr2Ph
PMI-MO(CO3)]
2-
 in THF-d8 (between 20 to 
100 µmol) was purged with 12CO2 or 13CO2 in a J. Young NMR tube while the NMR tube was carefully 
shaken to mix the solution with the CO2 atmosphere until the solution had turned yellow/brown (~15-
60 sec, depending on the concentration). The NMR tube was then quickly caped to retain the CO2 
atmosphere over the solution. Crystals of the decomposed complex were obtained from a THF solution 
under CO2 after several weeks at -35 °C. 
 
1
H NMR resonances in THF-d8 are broadened and not all coupling constants are fully resolved. Only the 
appearance of the signal is given below, without 
1
H,
1
H coupling constants. Only the resonances of the 
main diamagnetic compound are reported (see spectra and discussion in the manuscript). 
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12
CO2: 
1
H NMR (THF-d8; 400 MHz): δ = 8.82 (d, 1H, PyH(6)); 7.48 (t, 1H, PyH(4)); 7.24 (d, 1H, PyH(3)); 6.92 (t, 1H, 
PyH(5)); 6.82 (m, 1H, ArH(3or5)); 6.70 (m, 1H, ArH(3or5)); 6.64 (m, 1H, ArH(4)); 4.06 (m, 1H, CH(CH3)2); 
2.61 (m, 1H, CH(CH3)2); 1.21 (d, 3H, CH(CH3)2); 1.14 (s, 3H, NCCH3); 1.04 (d, 3H, CH(CH3)2); 0.88 (d, 3H, 
CH(CH3)2) and 0.55 (d, 3H, CH(CH3)2) ppm. 
13
C{
1
H} NMR (THF-d8; 100 MHz): δ = 236 (br, C≡O); 185.2 (NC(CO2)CH3); 173.4 (PyC(2));  158.0 (ArC(1)); 
153.0 (PyC(6)); 149.82 and 149.77 (ArC(2and6); 136.5 (PyC(4)); 122.6 (ArC(3and5)); 120.7 (ArC(4)); 120.4 
(PyC(5)); 119.7 (PyC(3)); 75.2 (NC(CO2)CH3); 27.9 and 27.7(CH(CH3)2); 25-26 (4xCH(CH3)2 overlapping with 
THF-d8) and 20.3 (NC(CO2)CH3) ppm. 
1
H NMR (DMF-d7; 400 MHz): δ = 8.86 (ddd, 1H, 3J = 5.2 Hz, 4J = 1.7 Hz, 5J = 0.6 Hz, PyH(6)); 7.60 (ddd, 1H, 
3
J = 7.6 Hz, 
3
J = 7.6 Hz, 
4
J = 1.8 Hz, PyH(4)); 7.24 (ddd, 1H, 
3
J = 7.8 Hz, 
4
J = 1.2 Hz, 
5
J = 0.8 Hz, PyH(3)); 7.02 
(ddd, 1H, 
3
J = 7.4 Hz, 
3
J = 5.1 Hz, 
4
J = 1.0 Hz, PyH(5)); 6.82 (dd, 1H, 
3
J = 7.4 Hz, 
4
J = 1.9 Hz, ArH(3or5)); 6.70 
(dd, 1H, 
3
J = 7.5 Hz, 
4
J = 1.9 Hz, ArH(3or5)); 6.61 (dd, 1H, 
3
J = 7.4 Hz, 
3
J = 7.4 Hz, ArH(4)); 4.28 (sept, 1H, 
3
J 
= 6.8 Hz, CH(CH3)2); 2.89 (m, 1H, CH(CH3)2, overlapping with DMF); 1.25 (d, 3H, 
3
J = 6.8 Hz, CH(CH3)2); 1.15 
(s, 3H, NCCH3); 1.08 (d, 3H, 
3
J = 6.9 Hz, CH(CH3)2); 0.98 (d, 3H, 
3
J = 6.8 Hz, CH(CH3)2) and 0.60 (d, 3H, 
3
J = 
7.0 Hz, CH(CH3)2) ppm. 
13
C{
1
H} NMR (DMF-d7; 100 MHz): δ = 236 (br, C≡O); 183.7 (NC(CO2)CH3); 173.7 (PyC(2));  158.7 (ArC(1)); 
151.8 (PyC(6)); 149.5 and 149.1 (ArC(2and6); 135.1 (PyC(4)); 121.4 and 121.2 (ArC(3and5)); 118.9 
(PyC(5)); 118.7 (ArC(4)); 118.3 (PyC(3)); 75.2 (NC(CO2)CH3); 27.9 and 27.7(2x CH(CH3)2); 25.10, 25.07, 24.9 
and 24.3 (4x CH(CH3)2) and 20.0 (NC(CO2)CH3) ppm. 
13
CO2: 
1
H NMR (THF-d8; 400 MHz): δ = 8.82 (d, 1H, PyH(6)); 7.49 (t, 1H, PyH(4)); 7.24 (m, 1H, PyH(3)); 6.93 (t, 
1H, PyH(5)); 6.82 (m, 1H, ArH(3or5)); 6.70 (m, 1H, ArH(3or5)); 6.63 (m, 1H, ArH(4)); 4.09 (m, 1H, 
CH(CH3)2); 2.62 (m, 1H, CH(CH3)2); 1.22 (d, 3H, CH(CH3)2); 1.13 (d, 3H, 
3
JC,H = 2.85 Hz, NCCH3); 1.05 (d, 3H, 
CH(CH3)2); 0.88 (d, 3H, CH(CH3)2) and 0.55 (d, 3H, CH(CH3)2). 
13
C{
1
H} NMR (THF-d8; 100 MHz): δ = 236 (br, C≡O); 185.2 (NC(CO2)CH3); 173.3 (PyC(2)); 158.0 (ArC(1)); 
153.0 (PyC(6)); 149.8 (ArC(2and6); 136.6 (PyC(4)); 122.6 (ArC(3and5)); 120.7 (ArC(4)); 120.4 (PyC(5)); 
119.8 (PyC(3)); 75.2 (d, 
1
JC,C = 55 Hz, NC(CO2)CH3); 27.9 and 27.7(CH(CH3)2); 25-26 (4xCH(CH3)2 
overlapping with THF-d8) and 20.3 (NC(CO2)CH3) ppm. 
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Fig. S28: 1H NMR spectrum of [iPr2PhPMI-Mo(CO)3(CO2)]2- (400 MHz) in THF-d8. 
 
 
Fig. S29: 1H NMR spectrum of [iPr2PhPMI-Mo(CO)3(13CO2)]2- (400 MHz) in THF-d8. Inset: 
Comparison of the resonance at 1.14 ppm with the 12CO2 experiment. 
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Fig. S30: 13C NMR spectrum of [iPr2PhPMI-Mo(CO)3(CO2)]2- (400 MHz) in THF-d8. *: pentane. 
 
 
Fig. S31: 13C NMR spectrum of [iPr2PhPMI-Mo(CO)3(13CO2)]2- (400 MHz) in THF-d8. #: 13CO2 
incorporation in side/decomposition products. 
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Fig. S32: 1H NMR spectrum of [iPr2PhPMI-Mo(CO)3(CO2)]2- (400 MHz) in DMF-d7. 
 
 
Fig. S33: 13C NMR spectrum of [iPr2PhPMI-Mo(CO)3(CO2)]2- (400 MHz) in DMF-d7. 
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Fig. S34: Two portions of the 1H NMR spectrum of [iPr2PhPMI-Mo(CO)3(CO2)]2- (400 MHz) in 
THF-d8. Bottom: without 18-crown-6, middle: with ~1 equivalent of 18-crwon-6 and top: with ~2 
equivalents of 18-crwon-6. 
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1.7 Further comparisons of spectroscopic data 
 
Fig. S35: Comparision of the 1H NMR spectra (400 MHz) of iPr2PhPMI-Mo(CO)4 (bottom), 
[iPr2PhPMI-Mo(CO)3]2- (middle) and [iPr2PhPMI-Mo(CO)3(CO2)]2- (top) in THF-d8. *: pentane. 
 
 
Fig. S36: Comparision of the 13C NMR spectra (400 MHz) of iPr2PhPMI-Mo(CO)4 (bottom), 
[iPr2PhPMI-Mo(CO)3]2- (middle) and [iPr2PhPMI-Mo(CO)3(CO2)]2- (top) in THF-d8. *: pentane. 
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Tab S3: Comparison of selected 1H and 13C NMR shifts of iPr2PhPMI-Mo(CO)4 and [iPr2PhPMI-
Mo(CO)3]2- in THF-d8. 
 δ13C [ppm] 
∆δ13C 
[ppm] 
δ1H [ppm] 
∆δ1H 
[ppm] 
signal 
iPr2PhPMI-
Mo(CO)4 
[iPr2PhPMI-
Mo(CO)3]2-  
iPr2PhPMI-
Mo(CO)4 
[iPr2PhPMI-
Mo(CO)3]2-  
NCCH3 172 118 -54 - - - 
Py(2) 156 130 -26 - - - 
Py(3) 129 122 -7 8.22 6.09 -2.13 
Py(4) 139 116 -23 8.10 5.35 -2.75 
Py(5) 128 96 -32 7.71 4.41 -3.3 
Py(6) 154 155 1 9.19 8.11 -1.08 
 
 
 
Tab S4: CO stretching vibrations (cm-1) observed for iPr2PhPMI-Mo(CO)4 under different 
conditions. 
neutral 1st reduction 2nd reduction 
Isolated SEC SEC Chemical 
reductiona SEC 
2011 2010 1985 1845 (1845) 1840 
1899 1900 1860 1718 (1720) 1712 
1883 1884 1843 1701 (1700) 1701 
1839 1839 1798   
a: THF-d8 (THF) 
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Fig. S37: 1H NMR spectrum (400 MHz) of the crystals of the decomposed complex [iPr2PhPMI-
Mo(CO)3(CO2)]2- in THF-d8. 
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2. X-ray Crystallographic Studies 
2.1 General 
 
Crystals of the complexes PhPMI-Mo(CO)4, 
iPr2PhPMI-Mo(CO)4 and the decomposed CO2 adducted 
(“[iPr2PhPMI-Mo(CO)3(CO2)]K“/“[
iPr2PhPMHI-Mo(CO)3(CO2)]K“) suitable for X-ray structural determinations 
were mounted in polybutene oil on a glass fibre and transferred on the goniometer head to the 
precooled instrument. Crystallographic measurements were carried out with MoΚα radiation on a Bruker 
APEX single crystal diffractometer operating at 100(2) K. Data were integrated using SAINT
5
 and a 
numerical absorption correction was applied with the program SADABS.
6
 The structures were solved by 
direct methods using SHELXS
7
 or SIR92
8
 and refined against F
2
 by full matrix least squares (SHELX97)
7
 
using all unique data. All non-hydrogen atoms were anisotropically refined unless otherwise reported; 
the hydrogen atoms were placed on geometrically calculated positions and refined using a riding model. 
Details of the data collection and refinement are given in Tab S5 and Tab S6 and in the specific section 
below. 
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 Tab S5: Summary of crystal data and structure refinement for the complexes PhPMI-Mo(CO)4 
and iPr2PhPMI-Mo(CO)4. 
 
PhPMI-Mo(CO)4 iPr2PhPMI-Mo(CO)4 
Empirical formula C17H12MoN2O4 C23H24MoN2O4 
Formula weight 
[g/mol] 404.23 488.38 
Temperature [K] 100(2) 100(2) 
Wavelength [Å] 0.71073 0.71073 
Crystal system monoclinic orthorhombic 
Space group P21/n (No. 14) Pna21 (No. 33) 
a [Å] 9.7224(5) 17.585(4) 
b [Å] 17.0656(9) 10.148(2) 
c [Å] 10.2053(5) 25.260(5) 
α [°]   
β [°] 101.799(3)  
γ [°]   
Volume [Å3] 1657.47(15) 4507.9(16) 
Z 4 8 
ρcal. [Mg/m3] 1.620 1.439 
Abs. coeff.[mm-1] 0.814 0.612 
F(000)  808 2000 
Crystal size [mm3] 0.20 x 0.10 x 0.05 0.30 x 0.25 x 0.20 
Theta range [°] 2.36 to 35.00 1.61 to 35.00 
Index ranges 
-15<=h<=15,  
-27<=k<=27,  
-16<=l<=16 
-28<=h<=25,  
-16<=k<=14,  
-40<=l<=40 
Reflections collected 72878 83241 
Independent 
reflections 
7315 
R(int) = 0.0469 
19420 
R(int) = 0.0362 
Completeness to θ  100.0% (35.0°) 100.0% (35.0°) 
Abs. correction numerical from crystal shape numerical from crystal shape 
Max. and min. 
transmission 0.9604 and 0.8542 0.8874 and 0.8377 
Refinement method Full-matrix least-squares against F2 
Data / restraints / 
parameters 7315 / 0 / 218 19420 / 1 / 551 
GOOF on F2 1.044 1.079 
Final R values 
[I>2σ(I)] R1 = 0.0247, wR2 = 0.0546 
R1 = 0.0279,  
wR2 = 0.0601 
R values (all data) R1 = 0.0349, wR2 = 0.0586 R1 = 0.0308,  
wR2 = 0.0612 
Flack parameter - 0.023(13) 
Largest diff. peak and 
hole [e.Å-3] 
0.678 and  
-0.591  
0.810 and  
-0.893 
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Tab S6: Summary of crystal data and structure refinement for two different solutions of the 
decomposed CO2 adduct. 
 “[iPr2PhPMI-Mo(CO)3(CO2)]K“ “[iPr2PhPMHI-Mo(CO)3(CO2)]K“ 
Empirical formula C31H40KMoN2O7 C31H41KMoN2O7 
Formula weight 
[g/mol] 687.69 688.70 
Temperature [K] 100(2) 
Wavelength [Å] 0.71073 
Crystal system monoclinic 
Space group P21/n (No. 14) 
a [Å] 9.4638(9) 
b [Å] 14.6735(14) 
c [Å] 23.994(3) 
α [°]  
β [°] 96.756(4) 
γ [°]  
Volume [Å3] 3308.8(6) 
Z 4 
ρcal. [Mg/m3] 1.380 1.383 
Abs. coeff.[mm-1] 0.568 0.568 
F(000)  1428 1432 
Crystal size [mm3] 0.20 x 0.05 x 0.05 
Theta range [°] 2.57 to 30.00 
Index ranges 
-13<=h<=13, 
-20<=k<=20, 
-33<=l<=33 
Reflections collected 75423 
Independent 
reflections 
9662 
R(int) = 0.0929 
Completeness to θ  99.9% (30.00°) 
Abs. correction Multi-scan 
Max. and min. 
transmission 0.9722 and 0.8949 
Refinement method Full-matrix least-squares against F2 
Data / restraints / 
parameters 9662 / 0 / 384 9662 / 0 / 388 
GOOF on F2 1.128 1.132 
Final R values 
[I>2σ(I)] R1 = 0.0626, wR2 = 0.1297 
R1 = 0.0622,  
wR2 = 0.1277 
R values (all data) R1 = 0.0966, wR2 = 0.1416 R1 = 0.0962,  
wR2 = 0.1393 
Largest diff. peak 
and hole [e.Å-3] 
1.384 and  
-1.497  
1.391 and  
-1.497 
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2.2 PhPMI-Mo(CO)4 
 
Fig. S38: Ortep diagram of the molecular structure of PhPMI-Mo(CO)4 (hydrogen atoms are 
omitted for clarity, ellipsoids are shown at the 50% probability level). 
 
 
Tab S7: Selected bond lengths (Å) and angles (°) of PhPMI-Mo(CO)4 with standard deviations in 
parentheses. 
Mo(1)-N(1) 2.2235(10) Mo(1)-N(2) 2.2354(10) 
Mo(1)-C(20) 1.9791(13) Mo(1)-C(21)  1.9611(12) 
Mo(1)-C(22) 2.0363(13) Mo(1)-C(23) 2.0439(13) 
C(20)-O(1) 1.1563(16) C(21)-O(2) 1.1634(15) 
C(22)-O(3) 1.1472(15) C(23)-O(4) 1.1463(16) 
N(1)-C(2) 1.2909(15) C(2)-C(3) 1.4757(17) 
    
N(1)-Mo(1)-C(21) 171.09(4) N(2)-Mo(1)-C(20) 168.07(4) 
N(1)-Mo(1)-N(2) 71.66(4) N(2)-Mo(1)-C(21) 99.80(4) 
N(1)-Mo(1)-C(20) 96.48(4) C(20)-Mo(1)-C(21) 92.11(5) 
C(22)-Mo(1)-C(23) 167.35(5) Mo(1)-C(20)-O(1) 177.31(12) 
Mo(1)-C(21)-O(2) 178.47(11) Mo(1)-C(22)-O(3) 171.14(11) 
Mo(1)-C(23)-O(4) 172.47(12)   
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2.3 iPr2PhPMI-Mo(CO)4 
 
Fig. S39: Ortep diagram of the molecular structure of one of two independent molecules 
iPr2PhPMI-Mo(CO)4 in the asymmetric unit (hydrogen atoms are omitted for clarity, ellipsoids 
are shown at the 50% probability level). 
 
Tab S8: Selected bond lengths (Å) and angles (°) of iPr2PhPMI-Mo(CO)4 with standard deviations 
in parentheses. 
Mo(1)-N(1) 2.2453(13) Mo(1)-N(2) 2.2465(12) 
 2.2350(12)  2.2471(12) 
Mo(1)-C(20) 1.9702(16) Mo(1)-C(21)  1.9568(16) 
 1.9620(17)  1.9645(16) 
Mo(1)-C(22) 2.0621(19) Mo(1)-C(23) 2.0326(17) 
 2.0356(16)  2.0502(19) 
C(20)-O(1) 1.1561(19) C(21)-O(2) 1.167(2) 
 1.155(2)  1.163(2) 
C(22)-O(3) 1.140(2) C(23)-O(4) 1.153(2) 
 1.1471(19)  1.143(2) 
N(1)-C(2) 1.2965(18) C(2)-C(3) 1.478(2) 
 1.2929(18)  1.479(2) 
    
N(1)-Mo(1)-C(21) 173.89(6) N(2)-Mo(1)-C(20) 169.45(6) 
 175.11(6)  165.92(6) 
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N(1)-Mo(1)-N(2) 71.69(5) N(2)-Mo(1)-C(21) 103.11(6) 
 71.71(5)  104.04(6) 
N(1)-Mo(1)-C(20) 98.01(6) C(20)-Mo(1)-C(21) 87.30(7) 
 94.21(6)  90.05(7) 
C(22)-Mo(1)-C(23) 168.41(7) Mo(1)-C(20)-O(1) 179.35(18) 
 165.38(6)  176.18(17) 
Mo(1)-C(21)-O(2) 176.26(15) Mo(1)-C(22)-O(3) 173.64(17) 
 176.68(14)  170.22(14) 
Mo(1)-C(23)-O(4) 171.33(14)   
 171.48(17)   
 
2.4 Decomposed CO2 adduct 
 
The asymmetric unit of the crystal structure of the decomposed CO2 adduct contains two coordinated 
THF molecules. Since the exact elemental constitution is unknown, two solutions were included here, 
differing in one H atom. Both solutions resulted in a similar good structure refinement (see Tab S6) and 
nearly identical bonding parameter. For this reason, the data were not deposited in the CSD, but were 
included in the review process and are presented here, since they provide additional prove for the C-C 
coupling between the CO2 molecule and the PDI ligand. 
 
2.4.1 “[iPr2PhPMI-Mo(CO)3(CO2)]K“ 
 
 
Fig. S40: Ortep diagram of the molecular structure of “[iPr2PhPMI-Mo(CO)3(CO2)]K“ showing 
the asymmetric unit (hydrogen atoms are omitted for clarity, ellipsoids are shown at the 50% 
probability level). 
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Fig. S41: Ortep diagram of the molecular structure of “[iPr2PhPMI-Mo(CO)3(CO2)]K“ showing 
the intermolecular interactions in the unit cell (hydrogen atoms, the aryl rings and the THF 
molecules are omitted for clarity, ellipsoids are shown at the 50% probability level). 
 
Tab S9: Selected bond lengths (Å) and angles (°) of “[iPr2PhPMI-Mo(CO)3(CO2)]K“ with 
standard deviations in parentheses. 
Mo(1)-N(1) 2.365(3) Mo(1)-N(2) 2.272(3) 
Mo(1)-C(20) 1.948(4) Mo(1)-C(21)  1.910(4) 
Mo(1)-C(22) 1.933(4) Mo(1)-O(4) 2.283(2) 
C(20)-O(1) 1.173(5) C(21)-O(2) 1.181(4) 
C(22)-O(3) 1.178(5) C(23)-O(4) 1.273(4) 
C(23)-O(5) 1.230(4) O(4)-K(1) 2.834(2) 
O(5)-K(1) 2.748(3) O(5)ii-K(1)ii 2.616(3) 
O(2)ii-K(1)iii 2.697(3)   
N(1)-C(2) 1.527(5) C(2)-C(3) 1.523(5) 
C(2)-C(23) 1.572(5)   
    
N(1)-Mo(1)-C(21) 164.17(13) N(2)-Mo(1)-C(20) 173.64(13) 
N(1)-Mo(1)-N(2) 73.76(10) N(2)-Mo(1)-C(21) 101.81(13) 
N(1)-Mo(1)-C(20) 100.23(14) C(20)-Mo(1)-C(21) 84.54(16) 
C(22)-Mo(1)-O(4) 175.56(13) N(1)-Mo(1)-C(22) 110.25(12) 
C(21)-Mo(1)-C(22) 85.17(15) O(4)-Mo(1)-C(21) 96.60(13) 
N(1)-Mo(1)-O(4) 67.77(9) Mo(1)-C(21)-O(2) 177.5(3) 
Mo(1)-C(20)-O(1) 176.0(4) Mo(1)-C(22)-O(3) 176.1(3) 
Mo(1)-O(4)-C(23) 116.9(2) O(4)-C(23)-O(5) 125.8(3) 
C(2)-C(23)-O(4) 114.8(3) C(2)-C(23)-O(5) 119.4(3) 
C(1)-C(2)-N(1) 114.4(3) C(1)-C(2)-C(3) 114.0(3) 
C(1)-C(2)-C(23) 111.3(3) N(1)-C(2)-C(3) 109.3(3) 
N(1)-C(2)-C(23) 104.1(3) C(3)-C(2)-C(23) 102.5(3) 
C(8)-N(1)-C(2) 115.3(3) Mo(1)-N(1)-C(8) 137.2(2) 
Mo(1)-N(1)-C(2) 101.51(19) O(4)-K(1)-O(5) 47.02(7) 
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2.4.2 “[iPr2PhPMHI-Mo(CO)3(CO2)]K“ 
 
 
Fig. S42: Ortep diagram of the molecular structure of “[iPr2PhPMHI-Mo(CO)3(CO2)]K“ showing 
the asymmetric unit (carbon bound hydrogen atoms are omitted for clarity, ellipsoids are shown 
at the 50% probability level). For additional labelling see Fig. S40. 
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Tab S10: Selected bond lengths (Å) and angles (°) of “[iPr2PhPMHI-Mo(CO)3(CO2)]K“ with 
standard deviations in parentheses. 
Mo(1)-N(1) 2.365(3) Mo(1)-N(2) 2.272(3) 
Mo(1)-C(20) 1.947(4) Mo(1)-C(21)  1.910(4) 
Mo(1)-C(22) 1.933(4) Mo(1)-O(4) 2.282(2) 
C(20)-O(1) 1.174(5) C(21)-O(2) 1.181(4) 
C(22)-O(3) 1.179(5) C(23)-O(4) 1.273(4) 
C(23)-O(5) 1.231(4) O(4)-K(1) 2.835(2) 
O(5)-K(1) 2.748(3) O(5)i-K(1)iii 2.616(3) 
O(2)iii-K(1)ii 2.697(3)   
N(1)-C(2) 1.525(5) C(2)-C(3) 1.522(5) 
C(2)-C(23) 1.572(5)   
    
N(1)-Mo(1)-C(21) 164.28(13) N(2)-Mo(1)-C(20) 173.62(13) 
N(1)-Mo(1)-N(2) 73.57(11) N(2)-Mo(1)-C(21) 101.82(13) 
N(1)-Mo(1)-C(20) 100.39(14) C(20)-Mo(1)-C(21) 84.55(16) 
C(22)-Mo(1)-O(4) 175.55(13) N(1)-Mo(1)-C(22) 110.10(13) 
C(21)-Mo(1)-C(22) 85.17(15) O(4)-Mo(1)-C(21) 96.61(12) 
N(1)-Mo(1)-O(4) 67.89(9) Mo(1)-C(21)-O(2) 177.5(3) 
Mo(1)-C(20)-O(1) 175.9(4) Mo(1)-C(22)-O(3) 176.1(3) 
Mo(1)-O(4)-C(23) 116.9(2) O(4)-C(23)-O(5) 125.8(3) 
C(2)-C(23)-O(4) 114.8(3) C(2)-C(23)-O(5) 119.4(3) 
C(1)-C(2)-N(1) 114.4(3) C(1)-C(2)-C(3) 114.1(3) 
C(1)-C(2)-C(23) 111.4(3) N(1)-C(2)-C(3) 109.0(3) 
N(1)-C(2)-C(23) 104.4(3) C(3)-C(2)-C(23) 102.5(3) 
C(8)-N(1)-C(2) 115.5(3) Mo(1)-N(1)-C(8) 137.4(2) 
Mo(1)-N(1)-C(2) 101.58(19) O(4)-K(1)-O(5) 47.03(7) 
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3. Computational study 
3.1 Computational Methods and selected bond distances 
DFT calculations and visualizations were performed using the Gaussian039 package using the BP86 and 
B3LYP functionals and the following basis sets: 6-31g for hydrogen atoms; 6-31+g(d) for carbon, oxygen, 
and nitrogen atoms; “All-electron triple zeta plus polarization” functions (TZP) for molybdenum
10
 which 
was obtained on the basis set exchange website.
11
 Geometry optimizations for 
iPr2Ph
PMI-Mo(CO)4 were 
performed using the crystal coordinates as the initial starting point. Using the optimized coordinates for 
iPr2Ph
PMI-Mo(CO)4, the remaining compounds [
iPr2Ph
PMI-Mo(CO)4]
–
, [
iPr2Ph
PMI-Mo(CO)3]
2–
, [
iPr2Ph
PMI-
Mo(CO)3(CO2)]
2–
 were constructed in Gaussian03 and optimized. For all optimized structures, a 
frequency calculation was performed to ensure true minima were obtained. For the optimization and 
frequency calculation for [
iPr2Ph
PMI-Mo(CO)3]
2–
, symmetry was turned off by using the key word 
“Symmetry=none” in the input file and was necessary to obtain the ground state geometry. DFT 
predicted IR spectra were generated using the frequencies from the calculations using a step size of 1 
wavenumber. A wavefunction stability calculation was performed using the keyword “stable=opt” on all 
of the anionic structures to ensure that no open shell configurations were lower in enthalpy. A broken 
symmetry calculation was used to obtain the alpha and beta spin manifolds for [
iPr2Ph
PMI-Mo(CO)4]
–
 
using the keyword “stable=opt”. 
Tab S11: Selected bond distances (Å) obtained from DFT calculations of geometry optimized 
iPr2PhPMI-Mo complexes. 
[Mo(CO)4] [Mo(CO)4]
-
 [Mo(CO)3]
2-
 [Mo(CO)3(CO2)]
2-
 
 
BP86 B3LYP BP86 BP86 B3LYP BP86 B3LYP 
Mo-Cax 2.024 2.034 2.019 1.939 1.940 – – 
Cax-O 1.176 1.167 1.185 1.211 1.207 – – 
Mo-Cax 2.023 2.034 2.019 1.939 1.941 1.946 1.939 
Cax-O 1.176 1.168 1.185 1.211 1.208 1.209 1.207 
Mo-Ceq (trans Npy) 1.987 1.991 1.974 1.959 1.956 1.965 1.962 
Ceq (trans Npy)-O 1.179 1.172 1.189 1.210 1.206 1.203 1.199 
Mo-Ceq (trans Nim) 1.980 1.983 1.967 – – 1.954 1.951 
Ceq (trans Nim)-O 1.182 1.176 1.192 – – 1.209 1.206 
  
 
  
 
 
 
Mo-Nim 2.155 2.177 2.179 2.081 2.086 2.153 2.159 
Mo-Npy 2.161 2.175 2.181 2.155 2.160 2.170 2.199 
Mo-OCO2 – – – – – 2.186 2.207 
  
 
  
 
 
 
Cim-Cpy 1.453 1.456 1.419 1.392 1.381 1.528 1.531 
Cim-Nim 1.332 1.318 1.370 1.421 1.425 1.492 1.494 
Cpy-Npy 1.386 1.377 1.410 1.438 1.434 1.383 1.370 
Cim-CCO2 – – – – – 1.594 1.584 
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3.2 Visualization of the optimized structures and selected orbitals 
 
Fig. S43: LUMO (left) and HOMO (right)  of [iPr2PhPMI-Mo(CO)4] (iso value = 0.04). 
Hydrogen atoms have been removed for clarity. 
 
 
Fig. S44: Left: The highest molecular orbital from the alpha spin manifold of [iPr2PhPMI-
Mo(CO)4]–. Right: electron density from spin SCF density (iso value = 0.04 for molecular orbital 
& iso value = 0.004 for density). Hydrogen atoms have been removed for clarity. 
 
 
Fig. S45: Right: The optimized geometry of  [iPr2PhPMI-Mo(CO)3]2–. Left: Same with the 
overlaid HOMO (iso value = 0.04). Hydrogen atoms have been removed for clarity. 
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Fig. S46: DFT optimized geometry of the [iPr2PhPMI-Mo(CO)3(CO2)]2– species (right) and its 
HOMO (left). Hydrogen atoms have been removed for clarity. 
 
3.3 Comparison of calculated and observed IR data 
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Fig. S47: Comparison of the CO stretching region of the observed (MeCN, black) and calculated 
(DFT, red: B3LYP, blue: BP86) FTIR spectra of iPr2PhPMI-Mo(CO)4. 
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Fig. S48: Comparison of the CO stretching region of the observed (MeCN, IR-SEC, black) and 
calculated (DFT, blue: BP86) FTIR spectra of [iPr2PhPMI-Mo(CO)4]-. 
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Fig. S49: Comparison of the CO stretching region of the observed (MeCN, black) and calculated 
(DFT, red: B3LYP, blue: BP86) FTIR spectra of [iPr2PhPMI-Mo(CO)3]2-. 
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Fig. S50: Comparison of the CO stretching region of the observed (MeCN, black) and calculated 
(DFT, red: B3LYP, blue: BP86) FTIR spectra of [iPr2PhPMI-Mo(CO)3(CO2)]2-. 
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Fig. S51: Comparison of the CO stretching region of the observed (THF, black) and calculated 
(DFT, red: B3LYP, blue: BP86) FTIR spectra of [iPr2PhPMI-Mo(CO)3(CO2)]2-. 
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